Introduction {#sec1-1}
============

Time lapse between the application of stimulus and generation of appropriate voluntary response in an individual is known as reaction time (RT).\[[@ref1]\] It has been used widely in the assessment of executive functions, neuropsychological functions, and motor cognitive processing speed (MCPS).\[[@ref2][@ref3][@ref4]\] MCPS varies with number of possible valid stimulus, type, order and intensity of stimulus, arousal, age, gender, physical fitness, hand dominance, practice and error, fatigue, fasting, distraction, alcohol, finger tremor, stress, drugs, intelligence, learning disorder, brain injury, illness, personality type, and accuracy in hearing and vision.\[[@ref1][@ref5]\] Lesser MCPS accelerates the achievements in various fields such as games, studies, fine arts, martial arts, and defense. By identifying the person\'s MCPS, we can predict the reacting abilities in the above-mentioned situations. In case of children, this guides us to diagnose the children with sustained RT and its origin. Personal consideration can be given to them at their budding years of life. Thus, estimating MCPS of children at small age is more relevant.

MCPS of an individual is estimated clinically by computerized neuropsychological test.\[[@ref6]\] However, high cost and professional guidance in estimating RT make this unavailable for the schoolchildren. Although mobile-based android applications are available for estimating RT, the restricted usage of mobiles at schools makes this as a tough task. Hence, there is a need to validate a simple gadget frequently used in schools such as ruler. Ruler drop method (RDM) is another simplest method to estimate the MCPS. The participant/athlete was asked to perform RDM by sitting on a chair of appropriate height with his/her dominant forearm resting on a flat horizontal table surface. The hand was kept open at the edge of the table. The ruler was dangled erect by an examiner/assistant such that the other end of the ruler was aligned with the top of the participant/athlete open hand and he/she was instructed to catch the ruler quickly once it was dropped by the examiner/assistant. Then, the distance traveled by the ruler was converted into time by the formula, *d* = *vt* + ½*at*^2^.\[[@ref7]\]

Eckner *et al*. validated this simple instrument for the estimation of MCPS.\[[@ref8]\] However, the instrument has ceiling effect, and in case of children, it might have a major effect. To minimize this effect, we have proposed a simple method to estimate MCPS by a ruler dropped at least a meter distance from the ground. A stainless steel meter ruler is used in the study to estimate the RT in children.\[[@ref9]\] In our pilot study, we evaluated the reliability and validity of RT of 12 schoolchildren aged between 6 and 10 years using RDM. We used a metal ruler with 1 m length. We performed a small modification in the procedure that the ruler was suspended vertically such that 5 cm below the child\'s open hand, and the distance the ruler traveled from the initial point was recorded. The trial was repeated for 3 times. To estimate the validity of RDM, we used an android-based mobile application known as criterion-referenced Reaction Speed^®^. We found good intrarater reliability (0.81) and moderate-to-good degree of validity (0.54).\[[@ref9]\] This study was aimed to derive a prediction equation to estimate MCPS among the primary schoolchildren by RDM.

Materials and Methods {#sec1-2}
=====================

Recruitment of children {#sec2-1}
-----------------------

A total of 204 children participated in this cross-sectional study with prior permission from the principal of participating school and also from the parents/legal guardians by cluster sampling technique. The ethical clearance was obtained from the University Research Ethics Committee of Maharishi Markandeshwar University, Mullana, Ambala, Haryana, India (MMU/IEC/445). The study was performed according to ground rules settled by the Declaration of Helsinki (Revised 2013). The assent from children and written consent from their parents/legal guardians were collected prior to the study. Children with confirmed history of neurological, orthopedic, and metabolic disorders, upper extremity injury or surgery, complaints of weakness or pain, and any other mediwcal, surgical, and psychological conditions were excluded from the study.

Measuring motor cognitive processing speed {#sec2-2}
------------------------------------------

All anthropometric measurements were taken before the beginning of the study in a sports laboratory. Body weight was measured in children with minimum clothing by a calibrated weighing scale (Equinox BR-9015, Analog Weighing Scale), and height was measured in centimeters, without shoes and socks, with a standard height measuring flat metallic piece over a mounting measuring tape (Freemans^®^ MRL 2 m 16 mm, Metal Wired Tape) on the wall with feet about 25--30 cm apart and they were recorded to the nearest 1 kg and 1 mm, respectively. Body mass index (BMI) was calculated by dividing the weight (kg) by the square of the height (m). To measure MCPS by RDM, the children were asked to sit with their dominant side elbow flexed at 90° with mid-pronated, and the forearm rested over a flat of the table surface such that the hand was placed outside the table. Ruler was hung down vertically by the investigator such that its lower edge was aligned across 5 cm between the web space (i.e., thumb and index finger) of the children\'s hand. Children were instructed to grasp the ruler quickly as it was liberated by examiner as shown in [Figure 1](#F1){ref-type="fig"}.

![Measuring motor cognitive processing speed by the ruler drop method\
**Note:** Figure 1 has appeared in our previous publication in, Aranha VP, Joshi R, Samuel AJ, Sharma K. Catch the moving ruler and estimate reaction time in children. Indian J Med Health Sci 2015;2:23-6. doi:10.21088/ijmhs.2347.9981.2115.4.](JNRP-8-79-g001){#F1}

The vertical distance covered by the ruler from 5 cm was listed. Then, this distance was converted into MCPS using the following formula, MCPS = √2*d*/*g*, where *d* is the distance traveled by the ruler and g is the acceleration due to gravity, a constant (9.8 m/s^2^). Three trials were taken, and then, mean of this was used for the analysis of normative value.

Data analysis {#sec2-3}
-------------

Statistical analysis of the collected data was performed using the Statistical Package for Social Sciences (SPSS, version 20.0 Inc., Chicago, IL, USA) software for Windows 7 Ultimate edition. Normal Gaussian distribution of the data was verified by the Kolmogorov--Smirnov test. As the data follow normal distribution, descriptive statistics were expressed in terms of mean ± standard deviation (SD) and 95% confidential interval (95% CI). Demographic character differences between male and female were explored by the statistical test of significance, independent *t*-test. Mean RT was reported in mean ± SD and 95% CI with range. To identify the effect of independent variables such as gender, age, height, weight, and BMI over the depending variable, multiple linear regression was used. Multiple linear regression analysis was performed to identify the role of the independent variable such as age, height, weight, and BMI for estimating the RT. By stepwise exclusion, prediction equation for RT in the age group between 6 and 12 years was made.

Results {#sec1-3}
=======

A total of 269 children with a mean age of 9.1 ± 1.9 years (range of 6--12 years) were selected for the study. Of these 269 children, 204 passed anthropometric evaluation. Although the recruited sample composed of unequal gender distribution with 56.9% of female (116) and 43.1% of male (88), there exist no statistical differences among their demographic parameters (*P* \>0.05), which is shown in [Table 1](#T1){ref-type="table"}. Mean MCPS of the entire sample, i.e. 230.01 ms ± 26.5 SD (95% CI: 226.4--233.7 ms) ranged from 162.9 to 321.6 ms. Standard reference norms of MCPS according to age were shown in [Figure 2](#F2){ref-type="fig"}. The readings suggested that MCPS decreases as age increases. The effect of multiple independent variables which include age, gender, height, weight, and BMI over the dependent variable MCPS was derived from the multiple regression. The overall prediction of MCPS by the above independent variables is *R* = 0.43 with the variability of *R*^2^ = 0.19 and adjusted *R*^2^ = 0.17. The *F*-ratio in the ANOVA test demonstrates that the overall regression model is a good fit for the data. Here, the independent variables statistically significantly predict the dependent variable, *F* (5, 198) =9.078, *P* \<0.001. Hence, the regression model is a good fit of the data. By stepwise regression analysis, the nonstatistically significant independent variables were excluded from the analysis, and regression analysis was performed by including the independent variable, age of the children, which is only statistically significant (*P* \<0.001).

###### 

Demographic characteristics of the primary schoolchildren recruited

![](JNRP-8-79-g002)

![Motor cognitive processing speed (ms) among individual age group expressed in mean (standard deviation)](JNRP-8-79-g003){#F2}

The predictability of MCPS by age is 41.3% (*R* = 0.413) with a variability of 17.1% (*R*^2^ = 0.171 and adjusted *R*^2^ = 0.166) as shown in [Table 2](#T2){ref-type="table"}. The derived regression equation is as follows:

###### 

Regression analysis of variables to determine the influence of independent variable, age on motor cognitive processing speed

![](JNRP-8-79-g004)

MCPS (ms) = 279.625 -- (5.495 × age \[in years\]). For example, while estimating MCPS of 8 years, 6-month-old child, substitute 8.5 for age in the above formula.

Discussion {#sec1-4}
==========

The preliminary aim of this study was to establish the prediction equation for MCPS by RDM among primary schoolchildren aged between 6 and 12 years. These years, also known as mid-childhood, where they make a move toward adulthood, demonstrate the major shift in their cognitive abilities.\[[@ref10]\] As we know RT is the time lapse between the application of stimulus and task completion, the MCPS of an individual can be quantified by calculating RT. RDM is simple and has good inter-rater reliability and it is a good--moderate validity method to assess the simple RT in school-going children.\[[@ref9][@ref11]\]

The apparatus used here is a universal ruler made by steel with 1 m length, which is easily available in commercial market in a feasible cost. The length 1 m is specifically to reduce the ceiling effect. The comprised battery methods which are used to assess RT will not have this upper limit.\[[@ref8]\]

Newton\'s second law of motion states that the applied force and weight of moving object determine its acceleration (*a* = *f*/*m*).\[[@ref12]\] However, for an object falling from the height, its own body weight will act as the force (*f* = *w*) at constant air resistance.\[[@ref12]\] The weight of object is the product of mass and gravity (*w* = *m* × *g*).\[[@ref12]\] Thus, gravitational force is proportional to its mass and decides the acceleration (*a* = *mg*/*m*).\[[@ref12]\] Thereby, Newton proves the assumptions of Galileo given approximately four century before (*a* = *g*).\[[@ref12]\] Galileo dropped two cannon balls of same size (made up of different material such as wood and iron, respectively) from the top of Pisa tower, and he observed that both balls reach earth at the same time. He reported that the distance covered by the object depends on the square of the time and velocity increased as the ball moves down,\[[@ref13][@ref14]\] which suggests that the mass and dimension of the object do not affect the acceleration of the object.\[[@ref12]\] Thus, it is clear that the size, shape, and material of the ruler will not alter the result.

From a total of 269 children, we recruited 223 children depending on the selection criteria. Among them, 15 children were absent to the school on the day of data collection. Thus, we collected the data of only 204 children for calculation. Although there exists an unequal gender distribution (boys 88 and girls 116), they are matched in their age (*P* = 0.12), height (*P* = 0.24), weight (*P* = 0.27), and BMI (0.82).

Practice trials were performed before the actual trial, and these trial data were excluded from the analysis. Here, we demonstrated MCPS of 204 children is 230.01 ms, and it varies from 162.9 to 321.6 ms. The considerable variations that are found in the distribution of MCPS is possibly due to person\'s individuality, complexity of task, and items in the given task.\[[@ref15]\] Age group of 10--14 years demonstrates 220 ms of MCPS by the same method.\[[@ref16]\] The MCPS for children between 8 and 10 years measured by anxiety related information-processing biases method lies close to our findings.\[[@ref17]\] The highly trained children can exhibit significantly shorter RT than other children of similar age group. Fong *et al*. proved this by comparing the MCPS of international level qualified taekwondo (a form of martial art) players (0.19 ± 0.03 s) of 10--16 years with the nontrained children (0.22 ± 0.02 s) of the same age.\[[@ref16]\] Another study of comparing MCPS between circus artist and nontrained adults of the same age group shows significant differences in their MCPS.\[[@ref18]\]

The RT or MCPS is typically related to age but it varies.\[[@ref19]\] Our study report also exhibits these age-related differences in mean MCPS among different age.\[[@ref20]\] The RT and age are inversely related to each other. Approximately up to an age of 50 years, the mean MCPS will decrease with progression of age.\[[@ref19]\] Then, it starts to incline gradually with respect to increasing age. This reduction in MCPS with increasing age may be due to distracted attention, ignorance, declining cognitive ability, and motor response.\[[@ref21][@ref22]\] The development of human brain according to heterochronicity principle may be another possible reason for the age-related MCPS differences.\[[@ref23]\] This is also supported by the regression analysis in identifying the factors affecting MCPS. By considering the prediction equation, MCPS (ms) = 279.625 -- (5.495 × age), RT can be estimated in the children aged between 6 and 12 years. The MCPS difference among individual age group between 6 and 12 years is relatively constant; it is also supported by Rueda\'s study on the development of attention network among 6--10-year-old children.\[[@ref24]\]

In our experience during testing and data collection, the RDM was easy to perform and individual child responded with nearly homogeneous eagerness and competitiveness. The children found that dropping ruler is intrinsically interesting, and hence, they appeared to be motivated to give excellent outcome. This study has few limitations too. First is the inevitable human error in recording the distance traveled by the ruler. Second, other variables which could affect MCPS such as intelligent quotient, sociodemographics, and child behavior were not assessed. Third, not analyzing the muscle and nerve parameter such as muscle cross-section area, muscle strength, pinch grip, and nerve conduction velocity, which is beyond the scope of this study. Nevertheless, this is the first study to derive the prediction equation for MCPS among the primary schoolchildren by the simple method, RDM. Further, the study can be extended over the other age groups and in children with special needs such as children with cerebral palsy and Down syndrome. The study has high clinical implication that MCPS could be estimated by knowing only the age of the primary schoolchildren with the help of prediction equation. This greatly reduces the time in estimating RT/MCPS through any known objective method.

Conclusion {#sec1-5}
==========

MCPS of the primary schoolchildren can be estimated by prediction equation through RDM. This might act as a key for many doors in cognitive psychology.
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